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RESEARCHMEMORANDUM

EFFECTSONTHE

THEWINGOFA

AERODYNAMICCHARACTERISTICSOFREVERSING
,

TRIANGULARWING-BODYCOMBINATIONAT

TRANSONICSPEEDSM DETERMINEDBY

TEENACAWINGFLOWMETHOD

By JamesM. McKayandAlbertW. Hall

SUMMARY

weremadeby theNACAwing-flowmethodatMachnumbersfrm
0.~ to 1.075to dete=inetheeffec=ontheaerodynamiccharacteristics*
ofreversinga triangularwingwitha 6-percent-thickbiconvexsection.
Thewingwasmountedincombinationwitha fuselageof finenessratio12.

.
Measurementsweremadeofnormalforce,chordforce,pitchingmoment,

andangleofattackas themode1 wasoscillatedthroughanangle-of-attack
rangefromabout-3°to about10°. TheReynoldsnumberofthetests
wasapproximately1.5X 106.

Of thetwoconfigurationstested,thewing-reversedccmbination
(apexangletrailing]gavehigherllft-curveslopesthanthewing-forward
configuration(apexangleforward),particularlyat thehigherMach
numbers. Thedragriseat zeroliftwassli@tlydelayedforthewing-
reversedconfigurationbutthemagnitudeof thedragrisewasabout
20percentgreaterwiththewingreversedthanwiththewingforward.
At zeroliftandat lowMachnunberstheaerodynamiccenterforthewing-

-.

forwardconfigurationwasatapproximatelythe35-percentmean-aerodynamic-
chordposition,whereastheaerodynamiccenterforthewtig-reversed
configurationwaspracticallyat theleadingedgeofthewing.

INTRODUCTION ‘

.
As partofa programto determinetheeffectofwing

form,andthicknesson theaerodynamiccharacteristicsof.

section,plan
triangular
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wingsattransonicandlow-supersonicspee~$Severalwing-fie~agecon-
figurationshavebeentestedby theNACAwing-flowmethod.A previous .
report,reference1,presentedtheeffectofsectionshapeon theaero-
dynamiccharacteristicsoftwotriangularwings.Thepresentpaperpre-’
sentstheeffectsontheaerodynamiccharacteristicsat transonicspeeds
ofreversinga triangularwingwitha 6-percent-thickbiconvexsection.
Thetriangularwingwasmountedincombinationwitha symmetricalf%se-
lageof finenessratio12. Measurementswere madeofnormalforce,chord
force,pitchingmoment,andangleofattackaa themodelwaaoscillated
throughanangle-of-attackrangefromabout-3°toabout10°. Thetests
covereda rangeofMachnumbersfrom0.75tb 1.075.‘meReynoldsnumber -

ofthetestswasapproximately1.5X 106,basedonthemeanaerodynamic
chordof themodel. .

SYMBOLS

ML

M

q

R

a

8

b

c

Y

local Machnumberat surfaceoftestsection
—

effectiveMach.numberatwingofmodel

effectivedynmnicpressureat wingofmodel,pounds
persquarefoot

Reynolds
model

angleof

semispap

number,basedonmean aerodynamicchordof

attackofmodelwing,degreee

wingareaofmodel,squarefeet

spanofmodelwing,inches

localwingchordofmodel,inches

—
-.

b/2c2d

()

1’0meanaerodynamicchord~fmodelwing,inches

J

b/2
Cw

o

spanwisecoordinate,inches

.

a.~

—~ ..... ... .A -
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lift, pounds

pitchingmomentabout~ percent= point,inch-pounds

drag,pounds

liftcoefficient(L/qS)

pitching-momentcoefficient(M/qSE)

dragcoefficient(D/qS)

minimumdragcoefficient

rateof changeof liftcoefficientwithangleofattack

averageratioof theincrementof dragcoefficientabove
theminimunto thesquareof theincrementof lift
measuredfromthatcorrespondingtominimumdragcoef-

( CD- chinficient

)
~ - (CLatC%infl2

rateof changeofpitching-moment.coefficientwithlift
coefficient

APPARATUSAND TESTS

Thetestsweremadeas describedinreference2 by theNACAwing-
flowmethod,inwhichthemodelwasmountedintheregionofhigh-speed
flowoverthewingofa NorthAmericanF-51Dairplane.

Thetriangularwingwasmadeofduralmtiandhada 6-percent-thick
biconvexsectionanda 30°half-apexangle.Thefuselagewasa halfbody
ofrevolutionof finenessratio12andwas fittedwithan endplate.One
configurationhadthewingforward(apexangleforward)andtheothercon-
figurationhadthewingreversed(apexangletrailing).Thegecmetric
characteristicsof themodelareshownintablesI andIIandfigures1
and2. Forthewing-forwardconfigurationthewingwasmountedon the
fuselageas showninfigure2. Theincludedareato thefuselagecenter

. lineof thisarrangementresultedinan aspectratioof2.31withthe
mean-aerodynamic-chordlocationandotherdimensionsas showninfigure2
andtableI. Forthewing-reversedconfigurationthesamewingwaa.
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reversedon thefuselageas showninfigure2. Thereversed-wingposi-
tionwassuchthattheincludedwfngareato thefuselagecenterline -’
waslessthantheareaforthewing-forwardpositionmd thespan
increasedslightlyresultinginanaspectratioof2.49anda newmean-

—

aerodynamic-chordlengthandlocationasshowninfigure2 andtableI.

ThemodelsweremountedaboutJ./16ofan inchabovethesurfaceof
thetestsectionandfastenedtoa strain-gagebalancebelowthetest
sectionbymeansofa shankwhichpassedtmougha holeinthesurface.

—

Themodelandbalanceoscillatedtogether,thusallowingnormalforce,
chordforce,andpitchingmomenttobemeasuedat variousangles of
attack.

Thechordwisedistributionof localMachnumberML alongtheair-
planewingsurfaceinthetestregionissh_~ninfigure3 forseveral
valuesofairplaneMachnunberandliftcoefficient.‘Thelocal’11.ach—

—

numberwaadeterminedfranstatic-pressuremeasurementsmadewithorifices
flushwiththesurface,intestswiththemodelremoved.Thevertical
Machnumbergradient,determinedfrommeasurementsmadewitha static
pressuretubelocatedat variousdistancesabovethesurfaceof theti-st
section,wssfoundtobe 0.009perinch.TheeffectiveMachnumberM
at thewingofthemodelwasdeterminedas an average.l@chnumberover .

thewingareaof themodel.A moredetaileddiscussionof thedetermi-
nationofeffectiveMachnumberandeffectivedynamic-pressureq at
themodelwingcanbe foundinreference2.:

“.—

Theangleofattackwasdeterminedfrtimeasurementsofmodelangle
andlocalflowangle.Thelocalflowanglewasmeasuredbymeansofa
free-floatingvanemountedoutboardofthemodelstationas discussed
inreference2.

Continuousmeasurementsweremadeofnormalforce,chordforce,
pitchingmoment,andangleofattackofthemodelas theNorthAmerican
F-51.Dairplanewasdivedto obtaina range‘@feffectiveMachnumbeisfrom
1.075to0.750.ThevariationofReynoldsmnnberwithMachnumberduring
thediveisshowninfigure4. Dud.ngthedivethemodelwasoscillated
throughanangle-of-attackrangefromabout,-3°toabout10°.

REDUCTIONOFDATA ‘

Lift,drag,andpitching-momentcoefficientsarebasedonthewi~g
areaextendedtothefuselagecenterllneas showninfigure2. Pitching --
momentsarereferredto the50-percentmean-aerodynamic-chordpointfor
botharrangementstested. —

.
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Correctionshavebeenmadetothedragfortheeffectofbuoyancy
on thefuselageduetopressuregradientsinthetestregion.Buoyanty
on thewingforthetwoarrangementstestedwasfoundtobe negligible.
No attempthasbeenmadeto correctthedragdatafortheeffectof the
fuselageendplate.Aeroelasticeffectswereconsiderednegligibleand
no correctionswereapplied.

A typicalsampleof thedataforoneoscillationofthemodelthrough
theangle-of-attackrangeisshowninf@ure 5. TheMachnumberduring
thecyclevariedfrom0.831to0.819,andthecurvesfairedthroughthese
pointswereusedto giveresultsfora Machnumberof 0.825. Similarly,
severalcycleewerecomputedforeacharrangementandcross-plottedto
showthevariationof thecharacteristicswithMachnumberat constant
liftcoefficients.

RESULTSANDDISCUSSION

LiftCharacteristic

Thevariationofangleofattackwithliftcoefficientforseveral
valuesofMachnumberb–showninfigure6 forthetwoconfigurations
tested.Thecurvesforthewing-reversedconfigurationindicatean
earlierstallingtendencyatsubsonicspeedsthanis indicatedforthe
wing-forwardconfiguration.Thevariationof angleofattacka with
MachnunberM forseveralvaluesof liftcoefficient
figure7 forthetwoconfigurationstested.Thecurves
thewing-forwardcombinationindicatelessvariationof

.. withMachnumberat constantvaluesof liftcoefficient
fortheconfigurationwiththewingreversed.

Theaveragelift-curveslopesdCL~tiforthetwo

CL isshownin
presentedfor
angleofattack
thanis indicated

configurations
overa rangeof liftcoefficientsfrcmO to 0.3areshownM figure8 as
a functionofMachnumber.TheV&hE8 of dCL~dafOrthewing-reversed
combinationwerehigherthanthevaluesforthewing-forwardconfiguration,
particularlyat thehigherMachnumbers.Thelift-curveslopeccxnputed
accordingtoreference4 agreesquitewellwiththemeasuredvalues
throughoutthesubsonicrangeforthewing-forwardconfiguration.The
lift-curveslopecomputedaccordingtothemethodof reference5 agrees
closelywiththemeasuredvaluesatMachnumbersabove1.00forthewing-
reversedconfiguration.Thereversibilitytheoremof linearizedtheory,
reference3,statesthatreversingthewingshouldhaveno effectonthe
lift-curve
thatcould
theoremof

slope.Therearemanyfactorsinvolvedinthepresenttests
causethisdifferencebetweenthetestresultsandtheory.The
reference3 isbasedon thewingalone,whereasthepresent

‘~
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resultscontaintheeffectsoffuselageinterference,smallpressure
gradients,andthetest-sectionboundarylayer,andothereffectspeculiar %
tothistypeof testprocedure.

DragCharacteristics —

Thevariationof dragcoefficientCD with M at constantCL
isshownin figure9 forthetwowing-fuselageconfigurations.It is
believedthattheabsolutevaluesof CD for,thetwoconfigurations —
areconsiderablyhigh,becauseofthedragoftheendplateandunknown
effectsof thesemispanmethodof testing,butthedragrise(increase
indragfromsubsonictosupersonicvalues)isbelievedtobe of the
correctorder.Thedragriseseemstooccurat a slightlyhigherMach
numberwiththewingreversed, particularlyat thehigherliftcoef-
ficients,butthemagnitudeofthedragriseisapproximately20 percent
greaterwiththewingreversed.

2 fora rangeof liftcoefficientsThedragdueto lift ACDIACL
fromO to 0.3isshowninfigure10asa functionofMachnumberforthe
twoconfigurations.Thedragdueto liftwas,somewhatlessforthewing- .
reversedcon:figumtionat thehigherMachnumbers,butwasaboutthe
sameforbothconfigurationsat lowerMachnumbers.

.

Pitching-MomentCharacteristics

Thevariationofpitching-momentcoefficientCm with M at con-
stantCL valuesisshowninfigure11forthetwowing-fuselagecon- .
figurations.Theaerodynamic-centerlocationsweredeterminedfromthe
slopesdCmldCL ofthepitchingmomentcurves,at CL = O and CL =0.3,
andareshowninfigure12forthetwoconfigurationsasa functionof
Machnumber.At CL = O andat thelowerMachnumbers,theaerodynamic
centerforthewing-forwardconfigurationisqt approxti.atelythe
35-Percentmean-aerodynamic-chordposition,whereastheaerodynamic
centerforthewing-reversedconfigurationis,practicallyat theleading
edgeofthewing. Bothconfigurationsshowalrearwardshiftintheaero-
dynamiccenterofabout10percentof themeanaerodynamicchordwithan
increaseinMachnumber,thegreaterpartofwhichoccursatMachnumbers
between0.5 and1.00. Increasingtheliftcoefficient-to0.3hadlittle
effecton thelocationoftheaerodynamiccenterforthewing-forward
configuration.Withthewingreversed,increasingtheliftcoefficient
to0.3movestheaerodynamiccenterabout10percentfartherrearwardat

-.

subsonicspeeds,butthisdifferencebecomesshallerwithincreasein
Machnmnber. .
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CONCLUDINGREMARKH

7

Testsweremadeby theNACAw?.ng-flowmethodona triangularwing-
fuselagemodelwitha 6-percent-thickbiconvexsection.Twoconfigu-
rationsweretested,onewiththewingforward(apexangleforward),
andtheotherwiththewingreversed(apexangletrailing),atMach
numbersbetween0.7’50and1.075.

Theresultsshowedthatwiththewingreversed,higherlift-cur;e
slopeswereindicatedthanwiththewing”forward,particularlyat the
higherMachnumbers.Thedragriseat zeroliftwasslightlydelayed
forthewing-reversedconfiguration,butthemagnitudeof thedragrise
wasabout20percentgreaterwiththewingreversedthanwiththewing
fomard. Thedragdueto liftwaesomewhatlessforthewing-reversed
configurationat thehigherMachnumbers,butwasaboutthessmefor
bothconfigurationsat lowerMachnumbers.At zeroliftandat low
Machnumbentheaerodyneuniccenterforthewing-forwardconfiguration
wasatapproximatelythe35-percentmean-aerodynamic-chordposition,
whereastheaerodynamiccenterfw thewing-revemedconfigurationwss
practicallyat theleadingedgeo?thewing.

IangleyAeronauticalLaboratory
NationalAdvisoryCcmnnitteeforAeronautics

LangleyField,Va.
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TABLEI

GECMETRICCHARACTERISTICSOFMODELCONFIGURATIONS

9

Wingforward

Wing:
Section. . . . . . . . . . . . . . .. Biconvex
Thicknessratio,percentchord . . . . . .
E, inches. . . . . . . . . . . . . . . . 4.0:
Semispanareaincludingprojected
areaofwinginfuselage,
squareinches. . . . . . . . . . . ..1o.78

Aspectratio ..’...... . . . ...2.31
Dihedral,degrees . . . . . . . . . ...0
Incidence,degrees. . . . . . . . . . . . 0

Wingreversed

Biconvex ‘
6

3.87

10.44
2.49

0
0

Fuselage:
Section. . . . . . . . . . Modified65-seriesbodyof revolution
Length,inches. . . . . . . . . . . ...14 14
Maxbmxndiameterat 50percent
length,inches. . . . . ...”.... 1.17 1.17

Finenessratio . . . . . . . . . . . ..12. O 12.0

.

.
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TABLEII

ORDIHATESFORFUSELAGE

[Alldlmens3JxMareIn ticbs~

SECTIONAA

-- ..-. ....-—4fi?cR

—.-
l–
--+A Fuselagecenterline

(Curved)
v
R J i

—
I +

—
I — —

x
o
.070
.105
.175
.350
.700

1.0501.400
2.100
2.8oo

t
:2::

4.900

1!
o----
.006
,011
● 022
.042
.059
.075
.102
.1*
.40
.153
.160

R
o
.02

+:00
.101
.169
.226

7:;
i:4$
●5
●551

LA

x I Y

84
.700
* 00

;:i%
10.500
11.200
11.900
12.600
1 .300
?1 .000

.187

.181

.171

i
.17
●1 o
;M&

.o&

.035
0

.

.

n

.

.

—

,.
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En&plate F
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Figure2.- Detailsofwing-fuselagemodels..Alldimensionsare
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‘Figure3.- Typical chordwise variation of Wch number in -Lhetest
region on the surface of the airplanewing for several effective
Mach numbers at the wing of the mode16. Chordwise locationof
models a160 shown.
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—————wing reversed
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Figure4.-VariationoftestReynoldsnumberwitheffectiveMachnumber.

.

.

.

—



●4

.2

CL

o

-. 2

.4

.2

CL

o

-* 2

/ d
P ‘

.D-

/

tj

J

0 .02 a4 n6 .08 Dlo
cD

4 ~ ,04 .08
%

O Inoreaalng C

b l)ecmeaslnf3@

Figure 5.- Sample data for wing-fuselagemodel with wing-forward
co~figuration. M = 0.825.
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Figure6.-Variation of angle of attack with lift coefficientfor
severalMach numbers for t& two ving-fuselageconfigurations.
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Figure 7.- Variation of angle of attack with Mach number at constant
lift coefficientfor the wing-fuselagemodels.
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~igure 8.-EffectofMachnumberonlift-curveslopeofwing-fuselage .~.—
configurationt3●. .-
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Figure 9.- Variation of drag coefficientwith Mach number at condant
lift coefficientfor the wing-fuselageconfigurations.
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Figure 11.- Variationof pitching-momentcoefficientwith Mach number
at conetant lift coefficientfor the wing-fuselagemodels.
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Wing forward

—-. . . Wing reversed
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Figure 12.- Effect of Mach number on location of the aerodynamiccenter.
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